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Summary: The determination of the optimal time of the mechanical harvesting of sweet cherries has a great importance not only to prevent
the fruit from mechanical injury but to find the optimal setting parameters of the harvesting machine. The primary objective of the
experiments was to determine the force and work required to detach the stem from the limb and the fruit from the stem. Furthermore to
measure the three main sizes (width, height, thickness) of the fruits in order to determine the sphericity, and also the pulp-stone ratio by
measuring the mass of the fruit with the stone and then the mass of the stone. The average sizes of the fruits: width 19.62–27.76 mm, height
17.83–24.54 mm and thickness 17.30–23.60 mm. The stem length varied between 28.69 mm and 55.80 mm. The sphericity of each variety
was above 90%. The average mass varied between 3.63 and 9.68 g. The stone mass turned to be between 0.27 g and 0.42 g. The stone-pulp
ratio varied between 3.7% and 7.7%. The average pulp mass varied between 3.35 g and 9.32 g. The average values of maximum loads required
to detach the sweet cherries from the stem varied between 3.23 N and, 4.12 N. The force required to detach the stem from the limb was
50–90% higher than the force needed to tear the fruit from the stem.
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Introduction
The determination of the optimal time of the mechanical
harvesting of sweet cherries has a great importance not only
to prevent the fruit from mechanical injury but to find the
optimal setting parameters of the harvesting machine. In this
respect the knowledge of the force and work required to
detach the stem from the limb and the fruit from the stem is
essential. The task is to remove the fruit from the stem
without breaking the stem from the limb.
Harvesting at the optimal time and performing it with the
optimal operational parameters (frequency and displace-
ment) mean less damage to the fruit and more efficiency.
The knowledge of some further physical properties (size,
shape and mass) is important from other points of view, such
as fruit quality, material handling and manipulating.
According to Soltész (1998) the quality of fruit is influenced
by its physical appearance. Papp (2003) says that the
physical appearance of fruit has to be considered when
describing its quality. He believes that the aim is to grow
fruits of 10–11 g in discrete mass. However, the utilization of
the appropriate technological elements can result in
producing fruits heavier than 11g (Hrotkó 2003). According
to Papp (2003) customers find the visual quality of fruit
sometimes more important than the internal quality. Polyák
& Csizmazia (2003) analysed the physical properties (size,
shape, mass and sphericity) of vegetable seeds. The typical
diameter, width, height, single mass and stone mass were
investigated in the case of 8 varieties of sweet cherries by
Thurzó et al. (2005ab). They contrasted their results with the
26 mm diameter required on the world market. They found
that from the investigated varieties only 2 (Vera and Margit)
fulfilled the above mentioned requirement and 2 other types
(Germersdorfi and Van) neared it. The stone-pulp ratio was
emphasised as being a determinative feature considering the
quality of fruit.
The conditions of mechanical harvesting of fruits were
studied by several Hungarian and foreign researchers. Lenker
& Hedden (1968) investigated the optimal operational
characteristics of tree shakers. Cooke & Rand (1969) worked
out the linear, Rand & Cook (1970) the non-linear theory of
vibratory fruit harvesting relating to fruit-stem system
dynamics. Horváth & Sitkei (2001) introduced a model to
determine the energy consumption of trunk shakers. Mateev
& Kostadinov (2004) worked out the probabilistic model of
fruit removal during vibratory morello harvesting. Fekete et
al. (2005) made a detailed study of the kinematics and
dynamic systems of shaking machines.
The primary objective of the experiments was to
determine the force and work required to detach the stem
from the limb and the fruit from the stem. Furthermore to
measure the three main sizes (width, height, thickness) of the
fruits in order to determine the sphericity, and also the stone-
pulp ratio by measuring the mass of the fruit with the stone
and then the mass of the stone.
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Materials and methods
The following varieties of sweet cherries were
investigated: Vega, Axel, Linda, Blaze Star, Stella,
Cristalline, Katalin, Germersdorfi, and Sunburst. All
these cultivars come from the same site, the Experimental
Orchard of Centre of Agricultural Sciences and
Engineering, University of Debrecen, in Pallag. The
sampling was performed always in the morning (approx.
8am) from different orientation of the selected trees, from
different heights of crowns. The samples were
immediately taken to the material testing laboratory of the
Department of Agricultural Machinery, Institute for Land
Utilization, Technology and Regional Development,
Faculty of Agricultural Science, University of Debrecen,
so the measurements were always carried out with fresh
fruits.
In most cases (5 varieties) there were four sampling
times, in two cases there were five, and in one case three. In
the case of Blaze Star the behaviour of the overripe fruit was
studied, so in this case was only one sampling time.
The sampling data of the different varieties is shown in
Table 1.
Keeping the rules of sampling, 25–25 sweet cherries were
selected from each sample. A digital slide gauge with an
accuracy of 0,01 mm was used to measure the sizes. The
length of the stem was also measured so that the force and
work acting during the shaking could be modelled and
determined.
The mass of each sweet cherry was measured by an
analytical balance, with an accuracy of 0,1 mg. After
removing the stone it was carefully cleaned and measured,
too. Knowing the mass of fruit and stone we could calculate
the stone-pulp ratio, and also the net pulp mass.
A Lloyd Instruments LRX, UK, material testing machine
was used to measure the tensile force. The clamping
apparatus of the instrument was modified to be suitable for
sweet cherries (Figure 1.)
Although the machine can be equipped with a selection
of specially engineered grips, as well as a range of multi-
purpose grips for more general applications, we had to
modify this part of the machine, because in the case of some
varieties the length of the stem was shorter than the vertical
size (height) of the clamp jaw of the grip. To perform a test
the sweet cherry has to be placed onto the holder of the grip
while its stem is fixed into the lower clamp jaw.
A load cell of 50 N was used which has the necessary
sensitivity in the range of 0–10 N.
A specimen was prepared to tear the stem from the limb
and when the fruits were grouped on a limb, more stems were
tore from one limb to measure the tensile force.
The testing procedure itself involves pulling the stem or
the specimen with a controlled, gradually increasing force
until it breaks.
The measuring data were recorded by the NEXYGEN™
MT material test and data analysis software, which provided
the breaking force-time graph.
The data recorded by the NEXYGEN™ MT software
were exported then into an Excel file for further analysis.
The measured size and mass data were also processed by
Excel spreadsheet program.
Results and discussion
Size, size distribution, sphericity
The measuring data are given in Table 2
According to our results the average sizes of
the fruits are the next: width 19,62–27,76 mm,
height 17,83–24,54 mm and thickness
17,30–23,60 mm. Considering all three sizes
Blaze Star proved to be the smallest and
Germersdorfi the largest. The desired diameter
of 26 mm (i.e. width) was reached, as an
average, by Cristallina, Germersdorfi, Linda
and Vega (Figure 2). The stem length varied
between 28,69 mm and 55,80 mm. The lowest
Table 1. The sampling data of the different varieties
Figure 1. The modified grip
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Table 2. Some physical properties of the examined sweet cherry varieties
Figure 2. The average values of the three sizes of the investigated sweet cherry varieties
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value was measured with Axel, and the highest with Katalin.
The sphericity of each variety was above 90%. The lowest
value (90%) was measured with Cristallina, and Linda, and
the highest (94%) with Axel (Figure 3.). This value is
important considering the visual quality, the market value
and also the mechanization of sorting processes.
Mass of fruit, mass of stone, mass of pulp
The measuring data are given in Table 3 The average
mass of the investigated varieties varied between 3,63 (Blaze
Star) and 9,68 g (Germersdorfi). The stone mass turned to be
between 0,27 g and 0,42 g, with the smallest value of Axel,
and the largest of Germersdorfi. Regarding the stone-pulp
ratio Vega proved to be the most favourable, with a 3,7%
value, and Blaze Star the most unfavourable with a 7,7%
average value. In the case of the other varieties the stone-pulp
ratio was 4-5% (Figure 4.). The average pulp mass varied
between 3,35 g (Blaze Star) and 9,32 g (Vega).
Load at break and work to break
The average values of maximum loads required to detach
the sweet cherries from the stem and the work required to
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Figure 3. The sphericity of the examined varieties
Figure 4. The stone-pulp ratio of the investigated varieties
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that are shown in Table 4. The load necessary to remove the
sweet cherries from the stem and proportionally the work
done during that gradually decreased with the time, i.e. with
ripening (aside from some exceptions). In the case of Axel
the largest force was 6,87 N, which decreased continually in
the following five periods, and the lowest average breaking
force (3,79 N) was obtained at the fifth time. Only one
measurement series was carried out with the overripe Blaze
Star, and the average tensile force was 3,52 N. The highest
value for the breaking force obtained with Cristallina was
6,72 N which fell to 3,65 N for the third date. The maximal
tensile force obtained with Germersdorfi was 5,52 N, and it
dropped to 3,82 N on the third occasion. On the fourth date
there was a slight increase. In the case of Katalin we
measured an extremely high breaking force, 16,27 N for the
first time; however with this variety the measurements were
started relatively early regarding the ripeness date. The
minimal force (3,98 N) was obtained for the third time, and it
increased slightly for the following times. Analysing the
results of Linda sweet cherry, the largest tensile force was 5,9
N which decreased gradually to 3,69 N. The same results for
Stellawere 6,23N and 3,23 N, in which case the decrease was
also gradual. The sampling date was relatively early
considering the ripeness date of Sunburst, which can be an
explanation for the large breaking force (10,93 N) that then
decreased gradually and reached a value of 4,12 N for the
fourth time. In the case of Vega the largest force was 4,87 N,
which fell to 3,69 N next time and started to increase for the
following occasions. The work to break varied proportionally
with the maximal tensile forces (Table 5). The changes in
maximal load and work to break in the function of time are
shown in the case of Linda sweet cherry on Figure 5.
The force required to detach the stem from the limb with
some varieties was also measured.
We found that this force is 50-90 % higher than the force
needed to tear the fruit from the stem.
On the basis of these results the optimal harvesting date
can be appointed and the shaking parameters can be adjusted
properly, and so the efficiency of detachment will increase.
Knowing the mass and the stem length of the individual
fruits the force acting on them and the work done during the
shaking can be calculated. The operational parameters of the
shaking machine can be checked by a calculation with the
measured data.
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Table 3. Some physical properties of the examined sweet cherry varieties
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Table 4. The values of maximum load
Figure 5. The maximal load and work to break in the function of time
In the process of mechanical harvesting of fruit the main
task is to adjust the optimal shaking frequency and amplitude
which results in efficient (at least 90%) fruit detachment
without causing damage in the bark of the tree or the fruit
(Cooke & Rand 1969).
The energy consumption of shaking is another important
factor which is the function of the deflection and frequency.
The fruit-stem model (Figure 6.) shows the three main
modes of movement of a sweet cherry hanging and
oscillating on the stem. These are pendulum mode (left),
tilting mode (centre) and twisting mode (right).
The fruit detachment mainly depends on the deflection of
the limb which does not equal the deflection of the point of
attachment of the tree. Due to the natural vibration damping
effect of wood, especially the long, thin limbs transfer the
shaking badly.
According to some laboratory tests the relation between
the detachment force and detachment is not obvious (Sitkei
1981).
The work done during shaking expended on the
detachment of fruit (Fekete et al. 2005). The value of this
work for one circle:
W = δmA2ω2 [1]
where:
δ – logarithmical decrement, vibration damping coefficient;
m – mass of the fruit;
A – the deflection of the centre of mass;
ω – the frequency of deflection.
A fruit of m mass joins to the branch with a stem of l
length, with F static force.
The distance between the centre of mass of the fruit and
the join is (l+R).
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Table 5. The values of work to break
Figure 6. The three important modes of oscillation of the fruit
(Cooke & Rand 1969)
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Multiplying the static detachment force (F) with (l + R),
the virtual work will be given, which is needed to remove the
fruit.
Dividing this work with the work done during shaking a
number without a unit will be given:
[2]
The value of remains constant in the case of similar
detachment processes.
The mathematical model of fruit shaking is shown in
Figure 7 (Cooke& Rand 1969):
It consists of a double compound pendulum with torsion
springs. The upper torsion spring of sprig constant S
represents the lumped flexibility of the stem; the stem is
represented by a thin, rigid rod of mass µ and length L. The
lower torsion spring represents the lumped flexibility of the
fruit-stem socket and have spring constant K for the in-plane
motion and spring constant C for the twisting motion. The
fruit is represented by a sphere of massM and radius R.
The three generalized co-ordinates are:
θ – the angle of deflection of the rod from the vertical;
ϕ – the angle of deflection of the sphere from the vertical;
ψ – the angle of twist of the sphere.
It is of interest to find the natural frequencies (ω) of this
model. The potential energy is found to be:
[3]
The kinetic energy may be written:
[4]
After appropriate transformations of the equations the
formula for the natural frequency of the model will be given
for the twisting mode:
[5]
According to deductions found in literature the following
formula is true for the planar motions:
[6]
This analysis indicates that the greatest dynamic
instability of the fruit occurs at a shaking frequency of twice
the natural frequency, when the upper end of the stem
undergoes small, planar, elliptic displacements.
The work needed to detach the fruit has a great
importance and it is generally true that it is decreasing during
the ripening process.
The shaking parameters have to be adjusted carefully so
that reduce bark and fruit damage.
There is a close connection between the necessary
shaking time (t) and the product of multiplication of
frequency (ω) and amplitude (A):
[7]
It is important to know the critical value of this product,
because below this value there is no acceptable detachment
even if we increase the shaking time.
The above expounded theoretical considerations have to
be taken into consideration when we determine the optimal
parameters of shaking.
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Figure 7.Mathematical model of fruit shaking (Cooke & Rand 1969)
